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Background: To undertake a clinical and molecular analysis of a previously unpublished kindred with a
phenotypically distinct vitreoretinopathy characterized by associated ocular developmental abnormalities.

Design: Family genetic study.

Participants: A total of 23 members, both affected and unaffected, of 1 kindred with vitreoretinopathy.

Method: Individuals within the kindred were examined clinically and blood samples taken for DNA analysis.
Genetic analysis was performed for the proximal region of chromosome 5g by means of polymerase chain
reaction (PCR).

Main Outcome Measures: Detection of vitreoretinopathy and associated abnormalities.

Results: This novel, hereditary vitreoretinopathy, showing the classic features of vitreous pathology and early-
onset retinal detachments, was associated with a variety of ocular developmental abnormalities, including posterior
embryotoxon, congenital glaucoma, iris hypoplasia, congenital cataract, ectopia lentis, microphthalmia, and persistent
hyperplastic primary vitreous. There were no associated systemic features. Genetic mapping with markers from the
proximal region of 5q13-q14 showed linkage to a 5-cM region between the markers D5S626 and D5S2103.

Conclusions: The 5-cM region is within that implicated in the etiology of both Wagner and erosive vitreo-
retinopathies. This suggests that this novel condition may be allelic, refines the genetic mapping for vitreoreti-
nopathies that map to 5q13-g14, and implicates a gene important not only in vitreous production but also in early
ocular development. Ophthalmology 1999;106:2074-2081

The autosomal dominant vitreoretinopathies are characterizetartilage ard othe tissues* Those vitreoretinopathis de-

by abnormal vitreous development, a predisposition to myopiascribed to date without systemic features have been mapped to

and an increased risk of rhegmatogenous retinal detachmer#.35-dM regian of chromosore 5q13-q14

The group includes conditions without extraocular features With the exception of cataract, which is seen in both Stick-

(e.g, Wagne syndrone MIM#143200} ard thos associated ler and Wagner syndromes, abnormalities of the anterior seg-

with extraocular features such as deafness, cleft palate, andent of the eye are not generally associated with vitreoreti-

micrognath& (e.g, Stickler syndrome MIM#108300)? To nopathy? Here a family with, unti now, an undescribed

date, only the Stickler-type vitreoretinopathies have been chamautosomal dominant vitreoretinopathy manifests a range of

acterized at the genetic level; the majority of pedigrees shoveoexisting pathologies in the eye. These include microphthal-

mutations in genes encoding collagen macromoleculesnia, persistent hyperplastic primary vitreous, congenital cata-

(COL2A1, COL11A1), which are important in the biogenesis ract, anterior segment dysgenesis, and congenital glaucoma

and maintenance of extracellular matrices in the vitreous geland implicate the protein underlying the condition not only in

vitreoretinal pathology but also in early ocular development.
Genetic analysis performed on this family with markers

from the proximal region of 5q13-q14 shows linkage to a
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Figure 1. Pedigree of family W2.

suggestie of inherited vitreoretinopatk (Fig 1) and accordiry to (affected or unaffected), of arthropathy, cleft palate, hearing loss,
guidelines approved by the North—West Region Ethics Committeecardiovascular abnormalities, or other familial medical conditions.
A thorough medical history was obtained, and examinations were All 13 affected patients had been diagnosed as such in the first
performed seeking evidence of arthropathy, cleft palate, hearinglecade of life; all 6 of these with a documented examination within
loss, cardiovascular abnormalities, or other medical conditionsthe first 6 months of life showed signs of the disorder at that stage.
Where possible, previous ophthalmic records were scrutinized, antthe majority of affected individuals were severely visually hand-
family members underwent a complete eye examination, includingcapped. All affected adults had been registered blind, four with
slit-lamp biomicroscopy, applanation tonometry, and dilated fun-|ight perception only in one eye or no light perception in either eye.
dus examination. Blood samples were obtained, and DNA wagp, generation V, two individuals (V-13 and V-14) who are 15 and

extracted using conventional methods. 12 years of age, respectively, retain visual acuity of 6/18 and 6/24
in their better eye, respectively.
Polymerase Chain Reaction Genotyping The range of ocular manifestations, both recorded in the past

and confirmeal at ascertainmenis summarize in Table 1. Devel-
Microsatellite markers D5S1962, D5S626, CRTL1, D5S2094,opmental abnormalities included defects of organogenesis (mi-
D5S644, and D552103 were polymerase chain reaction amplifiedrophthalmia) as well as anterior segment development (buphthal-
with the primers describel elsewher€:® Microsatellie markers  mos, iris hypoplasia, posterior embryotoxon) and lenticular
D581962, D58626, CRTLl, D582094, D58644, and D5$210?deve|opmeh(Cataraqt|er5 sub|uxa’[iom F|gs 2A, B) A compre-
were PCR amplified with the primers describel elsewher€:®  hensive and systematic evaluation of all eyes according to prede-
Standard PCR reactions were performed using 100 ng genomigermined criteria was obviated by changes arising as a conse-
DNA in a 20 pl reaction volume containing 3.7 mM MgCI67  quence of buphthalmos or by degenerative features (including
mM tris-Cl [pH8], 166 mM (NH,),SO,, 0.17 mg/ml BSA), 3mM  yhisis bulbi) that had developed as a secondary consequence of
each dinucleotide triphosphate, 10 pmols of each primer and 0.1 iWetinal detachment where this had been untreated or unsuccessfully
of Tagpolymerase (Gibco BRL). The samples were heated t0 94°Geqireq. The lenticular opacities observed in two younger family
for 5 minutes (dena_t_uranon).oThe samples were proceossed throughe mpers were heterogeneous in form: V-13 had multiple, bilateral
the following conditions: 94° C for 50 seconds, 57° C for 50 wedge-shapopacities (Fig 2B) similar to thos sea in Stickler

seconds, 72° C for 50 seconds for 30 cycles, then finally heated t S . - .
72° C for 5 minutes. The amplified products were extracted Withgmdgr?;ig?ge d\igtﬁél:'t?gnb"ateral opacities that were progressive

o . X .
chloroform, run on an 8% polyacrylamide gel, and silver stained The condition carried classic features of an inherited vitreoreti-

according to standard methods. nopathy. Several patients showed the characteristic “optically
empty” appearance of the vitreous gel; in other patients, fibrillary
Linkage Analysis condensations were visible in the vitreous cavity as were abnormal
vitreoretinal adhesions, particularly in the midperipheral and pe-
ripheral retina. Of the 13 affected individuals, 8 had a clear history
of sudden reduction of vision secondary to retinal detachment in 1
or both eyes. Of the four detachments (in three patients) treated
recently in our institution (V-13, V-14 [bilateral], and 1V-21), the

Linkage analysis was performed using the MLINK program and
the genett distancs given by Dib et al.”

Results detachments were secondary to small atrophic retinal holes within
peripheral degenerative latticelike patches or to tractional tears
Clinical Manifestations in Family w2 following posterior vitreous detachment and abnormal vitreous

adhesion to focal areas of chorioretinal scarring. The retinas reat-
The family consistel of four affected generatios (Fig 1) and, tached with conventional scleral buckling or with closed intraoc-
although the status (affected/unaffected) of one deceased individdlar microsurgery with gas tamponade or both. Before the detach-
ual (11-2, an obligate carrier) is unknown, there is neverthelessments the retind appearane had been within norma limits (Fig
evidence for male-male transmission (II-2 to 1lI-4) in prior gen- 3A); pigmentay change beneat the reattachd retinarepresented
erations, consistent with autosomal dominant inheritance. Thergigmen fallout from cryotheray (Fig 3B) or reflectal the chro-
was no evidene of consanguinit nor, in ary family members nicity of detachmen(Fig 3C).
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Table 1. Ocular Findings in Affected

Age (yrs) of Retinal

Patient No. Age (yrs) Age at Onset Associated Ocular Features Detachment
I11-2 72 <9 yrs Childhood cataracts None documented
RE ectopia lentis
V-1 48 Birth Congenital cataracts None documented
RE childhood glaucoma
V-5 46 Birth RE childhood glaucoma
LE 20
V-6 44 Birth Blind LE in childhood None documented
Congenital cataracts
V-9 42 Birth Congenital cataracts RE 11
Nystagmus LE 30
IV-13 38 Birth Congenital cataracts RE 34
LE None documented
IV-15 37 Birth Congenital cataracts RE None documented
Blind RE from birth LE 13
IV-21 30 Birth Congenital cataracts RE 29
Bilateral ectopia lentis LE 14
V-13 15 Birth RE microphthalmia RE None documented
Wedge-shaped cortical cataracts LE 9
V-14 12 2 mos RE posterior embryotoxon RE 10
Bilateral iris hypoplasia LE 7
Congenital cataracts
V-19 20 <l yr RE microphthalmia RE None documented
RE persistent hyperplastic primary vitreous LE 10
V-20 14 Birth RE congenital glaucoma, ectopia lentis, and posterior None documented
embryotoxon
LE iris hypoplasia
V.22 12 Birth Bilateral congenital glaucoma RE 12 days

Bilateral posterior embryotoxon LE None documented

VA = visual acuity; CF = count fingers; PL = perception of light; NPL = no perception of light; RD = retinal detachment; RE = right eye; LE = left
eye.

~ The right eye of patient V-13 showed widespread intraretinalonset, a patient's normal ophthalmic examination, particu-
pigment migration in a circumscribed distribution (i.e., classic |arly with biomicroscopically normal vitreous architecture,

features of spontaneosi retind reattachment (Fig 4A). These 4t the age of 15 years was considered to be consistent with
changes were first observed when she was 6 months of age agﬁlaffected status

were therefore suggestive of congenital retinal detachment. At 1 . . . .
days of age, the rig%t eye of V-22%vas also noted to have scattered Haplptyp_e analyss_re_veglgd three multiply, informative
pigmentation of attached retina and a healthy optic disc; the€combination events in individuals IV-5, IV-20, and V-11,
presence of a shallow accumulation of subretinal fluid in theWhich define a critical region of interest of approximately
extreme periphery again suggested that these retinal changes webecM (Fig 5), placing the gere betwee the markes D5S626
the result of a congenital retinal detachment and spontaneouand D5S2103. If it is assumed that the disease-linked hap-
reattachment. Patient IV-1 showed a pale fundal appearance witlotype is seen in individuals IV-1, IV-6, IV-21, V-13, V-14,
evidence of intr.aretinal pigment migratiqn in his remailning (left) v-19, and V-20, then a recombinant distal to D552103 in
fgﬁg;‘g& ?’Ixeaar}:;’ln@a?’lt d4€v£ar?o?fa?r%a Si:'g ljB);t theho%tuc disc ffected male IV-5 places this marker as the distal flanking
Y phic. He 100 had an area Op,, yar of the disorder. A second distal recombination event

subretinal fluid accumulation in the extreme superotemporal pe- S - .
riphery. This, together with sparing of the superonasal peripher)}n the unaffected individual IV-20 was seen just proximal to

from pigmentary changes, is suggestive of spontaneous reattack®5S644, which lies approximately 5 cM distal to D5S2103.
ment of a chronic detachment. Finally, in individual V-11, a recombination proximal to

D5S2094 places DXS626 as the proximal flanking marker
of the disease. V-11 is an unaffected 15-year-old male with
no signs or symptoms of the disease and defines a proximal
On the basis of accepted criteria, exclusion was obtained fopoundary for the critical region. The region flanked by the
all candidate regions tested with the exception of the proxiwo markes is approximatef 5 cM (Fig 6).

imal region of chromosome 5q. Linkage was confirmed and Analysis with the intragenic marker within the link pro-
the highest Lod score obtained, assuming penetrance to kein (CRTL1) gene showed that affected female 11l-2 was
100%, (Zmax= 5.41,0 =0), was with the marker D552094 uninformative (Fig 5). However IV-9, the mothe of the
(Table 2). In view of the sevee consequenceard early  unaffected male V-11, was informative and showed that

Linkage Analysis in Family W2
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Individuals in Family W2

VA at
Retinal Status at Ascertainment Ascertainment Other Comments

RE Attached RVA 2/36 RE Widespread chorioretinal atrophy/retinal pigmentation

LE no view LVA NPL LE Rubeotic phthisis with band keratopathy

RE Enucleated RVA — LE Pseudophakic, widespread intraretinal pigmentation sparing nasal
periphery; healthy disc (see Fig. 4b)

LE Attached LVA 2/36

RE No view RVA NPL RE Staphylomata, band keratopathy, nuclear sclerosis

LE No view LVA NPL LE Phthisis

RE Attached RVA PL RE Abnormal retinal pigmentation

LE No view LVA NPL Nystagmus

RE No view RVA NPL RE Phthisis

LE Enucleated LVA — LE Enucleated for secondary glaucoma

RE Attached RVA 2/36 Bilateral chorioretinal atrophy and retinal pigmentation

LE Attached LVA 6/60

RE Attached RVA PL RE Widespread chorioretinal atrophy/retinal pigmentation

LE Total RD LVA NPL LE Phthisis

RE Attached RVA 1/60 RE Retinal detachment from tears related to focal chorioretinal
scars: successful lensectomy, vitrectomy and gas

LE Total RD LVA PL

RE Attached RVA 6/36 RE Abnormal retinal pigment seen at 6 mos (Fig. 4a)

LE Attached LVA 6/24 LE Rhegmatogenous detachment: successfully treated by buckle to
tiny superotemporal break (Fig. 3c)

RE Attached RVA 6/36 RE Rhegmatogenous detachment: successfully treated by buckle to
close small temporal hole

LE Attached LVA 6/18 LE Rhegmatogenous detachment: 2 operations (buckle followed by
vitrectomy) for superotemporal break (Fig. 3a,b)

RE Not known RVA PL RE Blind from birth

LE Partially attached beneath silicone oil LVA CF LE Traumatic lens subluxation and retinal detachment with
preexisting high myopia.

RE Not known RVA PL BE Widespread retinal pigmentation noted at 6 mos and confirmed
in LE at ascertainment

LE Attached LVA 6/60

RE No view RVA PL RE Superior localized detachment noted (12 days and 13 mos of
age) with scattered pigment across remaining (attached) retina

LE Attached LVA 2/60 LE Extensive chorioretinal degeneration with normal disc noted at

birth; remains unchanged

CRTL1 is not recombinant and lies distal to the proximal nopathy, which we have termed a “developmental vitreo-
boundary. Physical mapping information, as well as ourretinopathy” since it is consistently associated with other
own data (unpublished), places CRTL1 between D5S62@®cular defects. Such defects include abnormalities of ocular
and D5S2103, which is within the critical region identified. organogenesis (microphthalmia) as well as of early embry-

onic vitreous development (persistent hyperplastic primary

vitreous), anterior segment development (posterior embryo-
Discussion toxon, iris hypoplasia, congenital glaucoma), and lenticular
development (early-onset cataract and lens subluxation).

The inherited vitreoretinopathies show a narrow range ofinterestingly, although a range of various types of cataract
ocular abnormalities that are mainly confined to the postewas seen within the family, these included a patient (V-13)
rior segmen of the eye® With the exceptim of cataract With multiple wedge-shaped cortical opacities identical to
formation, abnormalities of the anterior segment are uncomthose seen in Stickler syndrome, suggesting a common
mon. A characteristic wedge-shaped, segmental cortical capathogenic mechanism.

aract is seen in approximately 40% of patients with Stickler ~ The primary vitreous is a vascular structure, the devel-
syndrome'® catarat tha increase with age is sea in opment of which is intimately associated with lens, zonule,
Wagne syndrome® and nasa lens “coloboma with sub and iris development. It is replaced during the second and
luxation has once been reported in Stickler—Marshall synthird trimestes by the seconday (or adulf) vitreous™® The
drome?! In addition ther are repors of congenita glaw findings presented here suggest that a disturbance of early
coma in occasional patients within families with vitreous development can have severe consequences for
vitreoretinopathy (including one patient from the extensivegeneralized ocular development. An alternative explanation
pedigre originally describe by Wagner)®*2 The family may be that the defects represent abnormalities of a protein
W2 presented here thus shows a unique form of vitreoretiin which expression extends beyond the vitreous and pos-
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Figure 2. Clinical features of de-
velopmental  vitreoretinopathy
(I): Lens. A, nasal subluxation of
cataractous lens, patient IV-21,
32 years of age. B, wedge-shaped
lens opacities, patient V-13, 13
years of age.

Figure 3. Clinical features post-
acute rhegmatogenous retinal
detachment, family W2. A, ret-
ina, left eye of patient V-14 at 7
years of age; acute temporal
macula-off retinal detachment.
B, retina, left eye of patient
V-14 at 11 years of age; retina
surgically reattached. Pigmenta-
tion visible between macula and
disc represents “pigment fall-
out.” C, retina, left eye of pa-
tient V-13 at 14 years of age;
surgically reattached retina with
oblique subretinal strands, indi-
cating the chronicity of detach-
ment. Temporal depigmenta-
tion after retinopexy.

Figure 4. Retinal features sec-
ondary to spontaneous reattach-
ment of longstanding retinal de-
tachment. A, retina, right eye of
patient V-13 at 9 years of age,
spontaneously reattached con-
genital retinal detachment, ver-
tical white subretinal strands,
and well-delineated intraretinal
pigment migration and clump-
ing temporally. Identical find-
ings were visible at first exami-
nation at 6 months of age. B,
montage of retina, left eye of
patient 1V-1 at 48 years of age;
thinning of pigment epithelium
and intraretinal pigment migra-
tion. The disc is pink. An area
of nasal retina without pigmen-

tary changes and well-demar- |

cated from the abnormal retina
is not seen. In the superotempo-
ral periphery, a region of vitre-
ous debris overlying a small, pre-
sumed residual, collection of
subretinal fluid suggested that
the pigmented retina represents
spontaneous reattachment of a
previous retinal detachment.
There was no history of sudden
alteration of vision. C, retina,
left eye of unrelated patient
(RB) shown as a control for
comparison with B. This patient
had a fully documented history
of spontaneous reattachment of
a rhegmatogenous detachment.
In common with B, pigment ep-
ithelial attenuation, intraretinal
pigment migration, and clump-
ing are seen. The disc remains
healthy pink, surrounded by a
grayish peripapillary retinal cuff.

2078

Ophthalmology  Volume 106, Number 11, November 1999




Black et al - Novel Inherited Vitreoretinopathy Maps to Chromosome 5q14.3

Table 2. Results of Two-point Linkage Analysis between the Disease Gene and Markers from 5q14.3

LOD Score for Family W2 at 6 =

Marker 0 0.01 0.05 0.1 0.2 0.3 0.4 Zmax OMax
D5S1962 333 3.71 3.59 2.97 2.11 1.03 3.71 0.05
D5S626 2.74 3.15 3.08 2.57 1.81 0.87 3.15 0.05
D5S2094 5.41 5.33 4.99 4.54 3.57 2.41 1.20 541 0
CRTL1 2.10 2.07 1.95 1.78 1.42 1.02 0.55 2.10 0
D5S2103 2.33 2.84 2.85 2.45 1.76 0.86 2.85 0.1
D5S644 1.64 2.71 2.98 2.55 1.88 0.94 2.98 0.1

terior segment. A precedent for the latter hypothesis is thé days and 6 months of age, respectively. The pigmentary
demonstration of changes in scleral and anterior segmernthanges of these features in individuals I1V-6, 1V-15, and
architecture in mice with mutations in the Type-Il collagen V-20 (also evident by age 6 months) possibly suggest an
genet415 analogous mechanism of early visual loss in these individ-
Previous observations of both Wagner syndrome andials as well. When combined with other evidence of early
erosie vitreoretinopath$® have demonstrate: progressive  disruption of vitreous development, these changes suggest
chorioretinal degeneration with RPE thinning and an assothat here, and potentially in other inherited vitreoretinopa-
ciated reduction in retinal function affecting, in particular, thies, the dystrophic appearance of the retina, even when
scotopic ERGs. Because this has been shown in both corbilateral, can be secondary to early (even prenatal) vitreo-
ditions in the absence of retinal detachment, this represent®tinal disturbance.
strong evidence of a primary dystrophic process occurring Previous studies have shown that Wagner syndrome and
within the retina. By contrast, most individuals in family erosive vitreoretinopathy map to a 35-cM region of chro-
W2 in whom there was prominent subretinal or intraretinalmosone 5gq13-gq142 Our resuls suggeslinkage of the vit-
pigment migration had a history of, or circumstantial evi- reoretinopathy in family W2 to the same region with refined
dence for, prior retinal detachment. In patient V-13, for mapping to a 5-cM region defined by the polymorphic
example, fundus examination revealed subretinal strands imarkers D5S626 and D5S2103. A potential caveat must
addition to a peripheral anulus of intraretinal pigment mi- remain: the results assume full penetrance of the condition
gration (Fig 4A), while in IV-1 (Fig 4B) and V-22, the  since individual V-11 is unaffected. He is 15 years of age
widespread chorioretinal disturbance was associated with and shows no signs or symptoms of the condition, including
normal, healthy optic disc and a small area of (presumedho biomicroscopic abnormality of vitreous architecture. By
residual) peripheral subretinal fluid accumulation. The find-contrast, all six affected individuals who had been examined
ings in these eyes were indicative of spontaneous reattaclpy the age of 6 months had shown clear signs of the
ment of a chronic retinal detachment (an example from acondition, even at that stage.
clinically well-documented and unrelated patient is seen in There has been considerable debate over the clinical
Fig4C)1"BV-22 ard V-14 were alread fully expresséat  distinction between the Wagner and Stickler syn-

Figure 5. Chromosome 5q14.3

Centromere haplotype analysis. Haplo-
A type analysis illustrating re-
=+ D5S1962 combination events between

the developmental vitreoreti-
nopathy gene and the micro-
9cM .

satellite markers from chro-
5q13qi4  } A .. »;m..»m.. .. mosome 5q14.3. Proximally,
T Ds5S626 ] unaffected individual V-11
2cM has a recombination event
Developmental between markers D5S626 and
1eM T D55S2094 vitreoretinopathy D5S2094, a distance of ap-
4 D5S617, CRTL1 proximately 2 cM. Distally,
IeM affected individual IV-5 has a

+ Dss2i03 | 0= o ... o .
recombination distally be-
SeM tween D5S2103 and D5S617.
T D5S644 D Unaffected individual 1V-20
Telomere * . also has a recombination dis-
tally  between  markers

I:] - O D552103 and D5S644. The

disease gene lies in a region of
V-11 V-5 1V-20 less than 5 cM between mark-
ers D5S626 and D5S2103.
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Figure 6. Haplotype analysis of developmental vitreoretinopathy. Haplotypes refer to markers D5S1962, D5S626, D5S2094, CRTL1, D5S2103, and
D5S644 from top to bottom. Dark bar represents the presumed affected chromosome.

dromes*>®-2 |t is now generaly acceptd tha they are  sent excellent candidates for a condition that is character-
distinguished on the basis of the presence (Stickler) oized by a developmental vitreous abnormality. The data
absence (Wagner) of extraocular sequelae. Molecular invegresented here will contribute toward a positional cloning
tigations back this up since, to date, all families linked to approach to the identification of the gene underlying vitreo-
chromosome 5q13-q14 have had no extraocular manifestaetinopathies, which map to the region of chromosome 5q.
tions. Wagner syndrome, erosive vitreoretinopathy, and the
developmental vitreoretinopathy presented here are a‘lh
linked to this region, suggesting that there is a range o eferences
mutations of a single gene that lies at 5q14.3, and theif
effects form part of a spectrum. The spectrum of effects 1. wagner H. Ein bisher unbekanntes Erbleiden des Auges (De-
appears to be sufficient to allow the recognition of distinc-  generatio hyaloideo-retinalis hereditaria), beobachtet im Kan-
tions between clinical phenotypes within families, although  ton Zurich. Klin Monatsbl Augenheilkd 1938;100:840-57.
formal delineation of such conditions will require charac- 2. Stickler GB, Belau PG, Farrell FJ, et al. Hereditary progres-
terization of the gene underlying the condition and elucida- _ Sive arthro-ophthalmopathy. Mayo Clin Proc 1965;40:433-55.
tion of its structure. However, the possibility does remain 3 g\t/ilglz?erfgsgélgéi:gﬁggowb eSSCQ;‘:JaSZS bg'ciflaﬂéfggzt”ag”gne
that these conditions are distinct and are in fact caused by (COL2A1) defect. Nat Genet 1993:3:323—6.
mutations at separate, but closely linked, loci. 4. Richards AJ, Yates J, Williams R, et al. A family with Stickler

_ Brown et aP identified two possibe candidag loci for the syndrome type 2 has a mutation in the COI11A1 gene result-
vitreoretinopathies: cartilage link protein (CRTL1) and ver- ing in the substitution of glycine 97 by valine ial(XI)
sican (CSPG2). Both have been mapped cytogenetically to  collagen. Hum Mol Genet 1996;5:1339—43.
5013-014222 From the curren genett and physica map of 5. Brown DM, Graemiger RA, Hergersberg M, et al. Genetic
the region, the markers D5S620 and DXS428 flank the linkage of Wagner disease and erosive vitreoretinopathy to
CRTL1 gene, which therefore lies in the same 5-cM region.  chromosome 5q13-14. Arch Ophthalmol 1995;113:671-5.
In addition, haplotype analysis with the intragenic micro- 6- Graemiger RA, Niemeyer G, Schneeberger SA, Messmer EP.
satellite within the CRTL1 gene confirms that the CRTL1 Wagner vitreoretinal degeneration. Follow-up of the original
locus is placed distal to this recombination point in individ- -, Pedigree. Ophthaimology 1995:102:1830—9. . _

S . ) . 7. Dib C, Faure S, Fizames C, et al. A comprehensive genetic

ual V-11, _thereby C(_)r_lflrmlng_ its localization on genetic map of the human genome based on 5,264 microsatellites.
grounds within the critical region. We have shown that the  nature 1996:380:152—4.
gere lies in the same YAC clones as CRTL1>* Both of 8. Hecht JT, Wang T, Rhodes C, Yamada Y. GT repeat poly-
these extracellular matrix components bind hyaluronan and  morphism in the human proteoglycan link gene (CRTL1)
recenty have bee identified in the vitreous?® They repre promoter region. Nucleic Acids Res 1991;19:6666.

2080



11.

12.

13.

14.

15.

16.

17.

. Snead MP. Hereditary vitreopathy. Eye 1996;10:653-63.
. Seery CM, Pruett RC, Liberfarb RM, Cohen BZ. Distinctive

Black et al - Novel Inherited Vitreoretinopathy Maps to Chromosome 5q14.3

cataract in the Stickler syndrome. Am J Ophthalmol 1990;110:
143-8.
Schlote T, Vtker M, Knorr M, Thiel HJ. Linsen Kolobom

und Subluxatio lentis beim Stickler—(Marshall-) Syndrom 20.

[Eng. abstr.]. Klin Monatsbl Augenheilkd 1997;210:227-8.
Fransden E. Hereditary hyaloideo-retinal degeneration (Wag-

ner) in a Danish family. Acta Ophthalmol Scand 1996;44: 21.

223-32.
Sang DN. Embryology of the vitreous. Congenital and devel-

opmental abnormalities. Bull Soc Belge Ophtalmol 1987;223: 22.

11-35.
lhanamaki T, Metsaranta M, Rintala M, et al. Ocular abnor-

malities in transgenic mice harboring mutations in the type Il 23.

collagen gene. Eur J Ophthalmol 1996;6:427-35.
Savontaus M, Ihanamaki T, Metsaranta M, et al. Localization
of type Il collagen mRNA isoforms in the developing eyes of

normal and transgenic mice with a mutation in type Il collagen 24.

gene. Invest Ophthalmol Vis Sci 1997;38:930-42.

Brown DM, Kimura AE, Weingeist TA, Stone EM. Erosive
vitreoretinopathy. A new clinical entity. Ophthalmology 1994;
101:694-704.

Cantrill, HL. Spontaneous retinal reattachment. Retina 1981;
1:216-9.

18.

19.

25.

MacLeod, D. Vitreous and vitreo-retinal disorders. In: Spalton
DJ, Hitchings RA, Hunter PA, eds. Atlas of Clinical Ophthal-
mology, 2nd ed. London; Philadelphia: Mosby, 1998;12.2—12.24.
Alexander RL, Shea M. Wagner's disease. Arch Ophthalmol
1965;74:310-8.

Hirose T, Lee KY, Schepens CL. Wagner’s hereditary vitreo-
retinal degeneration and retinal detachment. Arch Ophthalmol
1973;89:176-85.

Billington BM, Leaver PK, McLeod D. Management of retinal
detachment in the Wagner—Stickler syndrome. Trans Ophthal-
mol Soc UK 1985;104:875-9.

Dudhia J, Bayliss MT, Hardingham TE. Human link protein
gene: structure and transcription pattern in chondrocytes. Bio-
chem J 1994;303:329-33.

Naso MF, Zimmermann DR, lozzo RV. Characterization of
the complete genomic structure of the human versican gene
and functional analysis of its promoter. J Biol Chem 1994;
269:32999-3008.

Perveen R, Hart-Holden N, Dixon MJ, et al. Refined genetic
and physical localisation of the Wagner disease (WGN1) locus
and genes CRTL1 and CSPG2 to a 2-2.5 cM region of chro-
mosome 5q14.3. Genomics 1999;57:219-26.

Reardon A, Heinegard D, McLeod D, et al. The large chon-
droitin sulphate proteoglycan versican in mammalian vitreous.
Matrix Biol 1998;17:325-33.

2081



	A Novel Hereditary Developmental Vitreoretinopathy with Multiple Ocular Abnormalities Localizing to a 5-cM Region of ...
	Methods
	Figure 1
	Clinical Details
	Polymerase Chain Reaction Genotyping
	Linkage Analysis

	Results
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1
	Table 2
	Clinical Manifestations in Family W2
	Linkage Analysis in Family W2

	Discussion
	References


